To retrospectively determine mean arterial pressure (MAP) for stable concordant and discordant triplets during the first 7 days of life.
INTRODUCTION
Advances in assisted reproductive technology have contributed to a dramatic increase in the rate of triplet pregnancies during the last two decades. 1 Mortality and morbidity of triplets, although similar to that of singletons and twins of comparable gestational age, is still significant. 2 The majority of triplets are born before 36 weeks of gestation thus many of these infants are of very low birth weight (VLBW r1500 g) or of extremely low birth weight (ELBW r800 g). 3 Arterial pressure monitoring is essential in the management of these often critically ill infants because systemic hypotension is associated with short-and long-term sequelae and mortality. [4] [5] [6] [7] [8] Hypotension that is prevalent in the first 24 hours of life should have timely treatment. [9] [10] [11] Unfortunately, treatment is often based on arbitrary blood pressure values with no physiological relevance. 10 Furthermore, mean arterial pressure (MAP) reference values for specific populations such as twins and triplets are not readily available. We recently reported that MAP for concordant and discordant ELBW and VLBW infants increases from birth to 24 hours and noted that the smaller of the discordant twins had MAP values lower than those of their larger siblings who were appropriate for gestational age. 12, 13 The purpose of this retrospective investigation was to determine MAP for concordant and discordant triplets during the first 7 days of life and to compare trends and values with those of ELBW and VLBW twins reported earlier. 12, 13 Study Population In all, 30 sets of concordant and 29 sets of discordant triplets born alive between 1992 and 2003 were studied ( Table 1) . Birth of these triplets followed spontaneous conceptions in 17 cases (29%); ovulation induction in 15 cases (25%) or in vitro fertilization and related technologies in 27 cases (46%). All triplets were delivered by cesarean section at a median gestational age of 32 weeks (range 25 to 36 weeks). Indications for delivery were preterm labor with or without premature rupture of membranes in 38 cases (64%), gestation of 33 weeks or more in 12 cases (20%), preeclampsia in seven cases (12%), and vaginal bleeding and severe intrauterine growth restriction in one case each (4%). No cases of fetal to fetal transfusions 14 among the triplets were documented. All infants were considered viable; therefore, in all cases there was intention to treat. For comparison purposes, concordant as well as discordant triplets were divided into stable and unstable groups. Infants were considered stable when the following criteria were met; umbilical cord hemoglobin Z13 g/dl, normal acid-base balance during the first 24 hours of life, no clinical evidence of a patent ductus arteriosus, no indomethacin, steroids, muscle relaxant or narcotic treatment, no hypotension treatment (packed red blood cells, inotropic agents, colloids) and survival for at least 7 days. The remaining infants were considered unstable.
METHODS
Demographic and clinical data were obtained from medical records. This study was approved by our Institutional Review Board. Gestational age (GA) was determined by first trimester ultrasound, or by obstetrical dating of the pregnancy and by examination of the newborn infant. Within each set, triplets were individually classified according to their actual birth weight into small, medium and large size. Discordancy was calculated using the smallest to the largest birth weight triplet difference expressed as a percentage of the largest triplet's birth weight. 15 Discordancy Z20% separated discordant from concordant triplets. Zygosity was determined prenatally by ultrasound and postnatally by placental examination. 16 Birth weight from each infant and the GA of the set were plotted in a fetal growth nomogram specific for triplets. 17 Those triplets who plotted at the 10th percentile or lower were considered intrauterine growth restricted (IUGR).
All triplets who were suspected of having early onset sepsis were treated empirically with ampicillin (100 mg/kg/day IV given in two doses every 12 hours) and gentamicin (5 mg/kg/day IV given every 48 hours) for 2 days if blood cultures were negative. Mechanical ventilation was performed when clinically indicated with a neonatal pressure-limited time-cycled ventilator. Umbilical arterial catheterization was performed for blood gas monitoring and umbilical or central venous catheters were used for long-term parenteral nutrition. During placement of these lines, no more than 3 ml of saline was used for flushing. When indicated, exogenous surfactant Survanta s (Ross Products Division, Abbott Laboratories, Columbus, OH) was given at the manufacturer's recommended dosage. Head ultrasounds were taken during the first 2 days of life and were repeated 4 weeks later in all infants with birth weights r1500 g.
Blood Pressure Measurements
On admission to the NICU, systolic, diastolic and mean blood pressures were obtained in all limbs by the oscillometric technique (Dinamap, Criticon, Inc., Tampa, FL until 1995 and Horizon XL, Mennen Medical Corp., Clarence, NY from 1996 to 2002) using a cuff size 1-3 (Criticon, Inc., Tampa, FL). Whenever available, blood pressures were then measured continuously with a disposable pressure transducer (98-4527-RI Abbott Critical Care Systems, Chicago, IL) connected to a single lumen umbilical arterial catheter (Argyle 3.5 F) filled with saline or 5% dextrose in water.
The catheter was positioned between T-7 and T-10 into the abdominal aorta. This system was calibrated with zero reference at mid-chest level. For the purpose of this study we analyzed MAPs by oscillometric readings recorded hourly during the first 24 hours and from the second to the seventh day between 0600 and 1800.
Statistical Analysis
Comparisons between groups and subgroups were made with Student's t-test for interval, and w 2 analysis for categorical data. MAP obtained by oscillometry in 3410 and by direct transducer in 1251 instances were reported in mmHg (torr). Values are reported as mean, standard deviation (SD), range and median. MAP recorded during short periods of high-frequency ventilation were not included in the analysis. Stepwise multiple linear regressions were made for prediction of MAP on admission to the NICU and at 2, 4, 6, 12, 18, 24 hours, and 2, 3, 4, 5, 6 and 7 days of life by zygosity, gender, race, GA, birth weight, percent of discordancy in birth weight between the smallest and the largest triplet, history of preterm labor, chorioamnionitis, pre-eclampsia, antepartum steroids, mode of delivery, Apgar scores, intratracheal epinephrine administration, umbilical cord hemoglobin and skin temperature. Regression analysis was used to determine mean MAP and confidence limits at hourly intervals for concordant and discordant triplets as to condition (stable), gender (male and female) and birth weight (smallest, medium and largest). A two-way analysis of variance with repeated measures was used to test for differences in MAP across time by subgroups (discordant and birth weights). p-values <0.05 were considered statistically significant.
RESULTS
Concordant and discordant triplets were similar in demographics, zygosity, history of preterm labor, chorioamnionitis, preeclampsia, antenatal steroids, cesarean delivery, combined triplets birth weight (4922 and 4732 g), median GA (32 and 33 weeks), distribution of stable infants (89 and 88%) and neonatal mortality (2 and 2%) ( Table 2 ). Asymmetrical intrauterine growth restriction among concordant and discordant triplets occurred in 10 and 86% of the smallest, 6 and 13% of the medium and 1 and 13% of the largest infants, respectively.
During the first 24 hours of life, 57% of concordant and 31% of discordant triplets were conventionally ventilated at rates ranging from 20 to 50 (median 26), peak inflation pressures from 16 to 33 (median 18) cm H 2 0, and end expiratory pressures from 4 to 6 cm H 2 0 (median 5). During the first 6 hours of life, arterial blood gases in all patients were normal, with the exception of moderate metabolic acidosis in two concordant and two discordant triplets.
Severe respiratory acidosis was noted in one concordant and one discordant triplet. A total of sixty four of 90 (65%) concordant and 34 of 87 (45%) discordant triplets received exogenous surfactant. Two of 90 (2%) concordant and two of 87 (2%) discordant triplets (all of less than 27 weeks GA) died during the neonatal period.
Head ultrasounds were obtained during the first two days of life in 72 (80%) concordant and in 69 (80%) of discordant triplets. Normal head ultrasounds were observed in 67 (93%) concordant and in 66 (96%) discordant triplets. Intracranial hemorrhage (Papile's classification) 18 Grade I was noted in four (6%) concordant and in three (4%) discordant infants. Grade III was found in one (1%) concordant triplet. Periventricular leukomalacia was observed in one (1%) concordant small triplet.
Stable Concordant and Discordant Triplets
Stepwise multiple linear regression shows that gender, race, GA, birth weight, percent discordancy in birth weight, intrauterine growth restriction, history of preterm labor, chorioamnionitis, pre-eclampsia, antepartum steroids, acute and chronic fetal distress, mode of delivery, Apgar scores, intratracheal epinephrine administration, umbilical cord hemoglobin and skin temperature did not independently predict MAP on admission to the NICU or at 2, 4, 6, 12, 18, 24 hours and at bi-daily intervals for the first 7 days of life. From 1 to 24 hours of life, MAP increased on the average 4 torr for all 80 stable concordant and 77 stable discordant triplets. Thereafter and through the first 7 days of life, significant albeit modest increases in MAP were noted (simple linear regression <p-0.05.).
Concordant Triplets
Stable concordant triplets were divided according to birth weight into 27 small (1548±365 g), 27 medium (1611±396 g) and 26 large (1685±431 g) infants. These birth weight differences were not statistically significant. Comparisons from fetal growth nomograms showed that 43% of small, 27% of medium and 10% of large concordant triplets plotted at or below the 10th percentile. Mean MAP and 10th percentile for selected hours are presented in Table 3 . All concordant triplets showed a steady increase of MAP from the first hour (36, 36 and 35 torr) to 24 hours (40, 39 and 38 torr). In spite of wide individual variations, no differences in MAP were noted between these three groups ( Figure 1a) . MAP values from the second (41, 38 and 39 torr) to the seventh day (40, 42 and 42 torr) of life also increased (Figure 1b) .
Discordant Triplets
Stable discordant triplets were divided according to birth weight into 25 small (1403±300 g), 25 medium (1683±341 g) and 27 large (1969±400 g) infants. Mean birth weights for the three groups of discordant triplets were statistically different (p<0.001).
Comparisons from fetal growth nomograms showed that 43 (61%) of 87 discordant triplets were between the 10th and 90th percentile the remaining 34 (39%) plotted at or below the 10th percentile. Mean MAP and 10th percentile for selected hours are presented in Table 3 . All discordant triplets showed a steady increase of MAP from the first hour (36, 36 and 35 torr) to 24 hours (40, 39 and 38 torr). During the first 24 hours, medium and small discordant triplets had MAP values that were lower than those of their larger siblings (Figure 2a) . MAP values from the second (41, 38 and 39 torr) to the seventh day (40, 42 and 42 torr) of life increased for medium and for large triplets while remain essentially unchanged for the small discordant triplet (Figure 2b ).
DISCUSSION
Oscillometry is easy to use and measures blood pressure accurately when the correct cuff size is used. Arterial pressure measurements through a 3.5 F umbilical catheter, although reproducible, could be affected by signal dampening. To avoid this, we used MAP and not systolic and diastolic measurements. Since many investigators 10, [19] [20] [21] [22] [23] [24] have documented good correlation between the (28) 40 (29) 40 (29) 40 (29) 41 (30) two methods, we analyzed 3410 oscillometric readings together with 1251 direct pressure determinations. Our study focused on the first 7 days of life and more specifically, in the first 24 hours of life because that is when hypotension is usually diagnosed and treated. [9] [10] [11] 25 Later, many variables such as a patent ductus arteriosus preclude recognition of a stable population. 26 In defining our stable group, like others, we excluded factors that affect blood pressure, but allowed others, which are now known not to influence MAP in ELBW and VLBW infants. The data presented here corroborate earlier investigations, in that history of preeclampsia, antenatal steroid usage, umbilical cord hemoglobin, intratracheal epinephrine administration, and skin temperature on admission do not influence MAP. 8, 11, 13, 14, 22, 23 Obtaining reference values from stable populations such as concordant and discordant triplets of different birth weights is important. Until now, it was not known if MAP trends and correlations noted in ELBW and VLBW twins were also present in triplets.
By direct observation and by linear regression, several investigators noted a strong correlation between GA, birth weight and blood pressure for full-term and premature infants. 5,6,8,11,19 -24,27,28 It is known that immediately after birth, stable full-term and premature infants present a wide individual variability in MAP and that MAP values increase steadily from the first to the 24th hour after birth and more subtlely from the second to the seventh day of life. 7,8,21,24,27 -29 Similar observations have been reported in twins by us earlier 12, 13 and now also have been noted in concordant and discordant triplets.
Control of the circulation is mediated through interacting neural, hormonal and metabolic mechanisms active at central and local levels. 30 Although these basic mechanisms exist in the fetus and in the newborn, differential rates of maturation influence their ability to maintain adequate blood pressure and organ blood flow. 30 At birth, increases in circulating cathecholamines augment cardiac contractility and systemic vasoconstriction while thyroid hormones further the development of beta-adrenergic receptors in the myocardium enhancing left ventricular function, cardiac output and regulating arterial blood pressure. 31 Also critical to adaptation to extrauterine life are the hemodynamic changes initiated by sustained lung inflation, fall in pulmonary vascular resistance, increase in pulmonary blood flow, and venous return to the left atrium with subsequent closure of the foramen ovale and ductus arteriosus. In healthy singleton and twin premature infants of advanced gestational age, these physiological mechanisms can work successfully, as it is demonstrated here by the predictable MAP values and trends seen during early postnatal life.
Large discordant VLBW twins without twin-twin transfusion who are appropriate for GA are expected to be in utero hemodynamically comparable to normal singletons. [32] [33] [34] Thus, it is not surprising that concordant and large discordant triplets have similar MAP values and trends postnatally.
Discordant small twins and likely discordant small triplets (who are mostly IUGR) have in utero aortic, mesenteric and cerebral blood flow velocity waveforms, similar to those of IUGR singletons. 32, 33, 35 Preferential decrease in organ blood flow may initiate changes on arterial structures 36 or prompt the release of vasoconstrictors (i.e. endothelin-1, angiotensin-ll) 37, 38 that may ultimately contribute to the pathogenesis of cardiovascular disease in the adult. 39 Whether the in utero hemodynamic profile of the discordant twin or discordant triplet explains the differences in MAP during the first day of life remains to be proven. In human full term and premature infants, it has been well established that birth weight positively correlates with MAP. 4,8,11,12,13,21 -24 It has also been noted that in prematures of the same gestational age, those of smaller weight have lower MAP during the first 24 hours of life. Studies of ovine growth restriction produced by removal of placental attachment sites (caruncles) and by umbilico-placental embolization have shown that IUGR lambs have lower arterial pressures soon after birth than their appropriately grown counterparts. 40, 41 Louey et al. 41 also documented that plasma cortisol and plasma renin levels were similar in both groups of animals and concluded that the temporarily lower MAP of the IUGR lambs were the results of reduced body size. In our current investigation, we noted that by the second day of life, MAP values in IUGR infants have approximated those of the larger siblings suggesting that once they were removed from the compromised intrauterine environment, cardiovascular and endocrine adjustments can be made expeditiously.
In summary, we provide MAP reference values for stable concordant and discordant triplets and note a positive correlation between MAP, birth weight, gestational age and postnatal age. Concordant and large discordant VLBW triplets without feto-fetal transfusion behaved like singletons and twins of comparable gestational age. Small and medium sized discordant triplets are mostly intrauterine growth restricted, and very likely they experience significant hemodynamic changes in fetal life. Stable (healthy) discordant twins and triplets are able to control successfully MAP. Whether the intrauterine experience of the small discordant triplet would have the same long-lasting effect in late life as in the small discordant twins remains to be seen.
